Abstract: The treatment of Class II adult individuals with mandibular deficiency has been the combination of orthodontic treatment and orthognathic surgery. Therefore, a study was conducted in which cephalometric analysis was used to evaluate the influence of dentoalveolar decompensation in Class II patients submitted to orthodontic and surgical treatment for mandibular advancement, by bilateral osteotomy of the mandibular ramus. A sample of 15 leukoderma adult female patients were selected and three cephalometric radiographs of each patient, taken before the orthodontic treatment, before surgery and after at least 6 months postoperatively, were analyzed in a total of 45 roentgenograms. The tracings were made by the manual method and the points were digitalized using software. The results showed that values of SNB increased from 75.6 to 78.6°. The measures BNP and PGNP were reduced from -12.7 to -7.7 mm and -12.7 to -6.6 mm, respectively. For ANB there was a reduction of 3.23° (from 8.1° to 4.9°) . Likewise, the values of AOBO were diminished by 6.3 mm (from 7.6 to 1.3 mm), and in the values of OJ there was a reduction of 5.7 mm (from 9 to 3.3 mm). It was concluded that the pre-surgical orthodontic treatment promoted minimal and variable dental and skeletal changes in the final result. The surgical treatment caused significant skeletal changes, especially in the measurements related to the mandible (SNB, BNP, PGNP and SNPM) or indirectly to it (ANB, AOBO and OJ).
Introduction
Dentoskeletal deformities are known to cause severe functional and esthetic complaints in patients. Combined orthodontic and surgical treatment is the best choice for adult individuals, since it results in better esthetic appearance and function, followed by long term stability. 1, 2, 3, 4 Compensatory treatment can lead to occlusal and muscular changes, dysfunctional problems, and TMJ disorders. 5 The diagnosis and treatment plan for patients with dentoskeletal deformities should be carried out individually, with cephalometric, occlusal and facial analyses, which take into account the position of the maxillary and mandibular incisors on the basal bone. 6, 7 The Class II skeletal deformity results from an increased sagittal gap between the maxilla and the mandible, regardless of the relationship between the maxillary and mandibular molars. Such skeletal dysfunction can be due to maxillary protrusion or mandibular deficiency, the latter being found more frequently than the former. 8 The clinical findings are: chin retraction, shortening of the submental region and closing of the mento-cervical angle. Further findings are eversion of the lower lip, exposure of the maxillary incisors and deepening of the mentolabial sulcus. Moreover, individuals with Class II division 1 dental-relationships with mandibular deficiency present an open mandibular plane, decreased SNB angle, increased ANB angle and positive AO-BO. Sagittal compensations show well placed or slightly protrused maxillary incisors and mandibular incisors invariably protrused and labially inclined, which decreases the overjet and disguises the skeletal discrepancy.
When the pre-surgical dental decompensation is not carried out, the amount of skeletal correction that can be accomplished surgically is severely limited, and the esthetic and functional results will fall below the ideal standards. 1, 2, 3 The larger the incisor decompensation, the further the mandible can be advanced, and the better the esthetic result will be. Therefore, during orthodontic preparation, the anterior teeth are displaced so that the skeletal discrepancy is accentuated and the incisors are ideally placed on their apical basis, regardless of their interdental relationship. 2 It has been extensively reported that stable results are directly related to proper surgical procedures and orthodontic preparation, which should include dental decompensation. Through cephalometric analysis, the aim of our investigation was to evaluate the influence of the dental and skeletal changes due to surgical-orthodontic treatment in individuals with Class II malocclusion and mandibular deficiency, who underwent orthognathic surgery consisting of bilateral sagittal osteotomy for mandibular advancement. 9,10 use of internal rigid immobilization and lateral cephalometric radiographic evaluation at stages: t 1 (pre orthodontic treatment), t 2 (immediately prior to surgery), and t 3 (minimum of 6 months after surgery).
Material and Methods
Identification of the cephalometric points ( Figure  1 ) at stages t 1 , t 2 and t 3 was carried out by the manual method, by only one operator with the light box, on 8" x 10" ultraphan paper (GAC International Inc, Bohemia, NY, USA) and a 0.3 mm pencil (Pentel, Tokyo, Japan). The cephalograms were digitized by software 2.02 Dentofacial Planner Plus (First Canadian Place, Toronto, ON, Canada).
The dental and skeletal changes were measured through the projection of the cephalometric points onto the horizontal and vertical reference lines, which represented the X and Y Cartesian coordinates, respectively at t 1 , t 2 and t 3 . The horizontal line (X axis) was determined from the Sela point (S), with a downward inclination of 7° in relation to the S-N line. The vertical line (Y axis), was determined from point S, perpendicular to the X axis ( Figure 2) .
For the statistical analysis the following were used: linear regression, Student's-t test and analysis of variance (p < 0.05). same statistical procedure was performed to express the QAM due to the measurement alterations that occurred within these times. Therefore, the magnitude of the mandibular advancement QAM was significantly influenced by the alterations of the ANB, ANP and OB. It was observed that this final equation explained 96.3% of the QAM variation and that QAM = 8.87 − 1.16 × SNPM 
Results
Stepwise linear regression realized one step to express the QAM (magnitude of the mandibular advancement) due to the alterations in the measurements obtained from the total treatment, which resulted in the following equation (Table 2) : Therefore, the magnitude of the mandibular advancement was significantly influenced by the changes in the SNPM measurements. It was observed that only 26.9% of the QAM variation was explained by this final equation, however, the equation was very well adjusted to the coordinate plane points (QAM, SNPM), because the F 0 = 6.14 value was significant (p < 0.05).
The application of the linear multiple regression to express the QAM measurement due to the orthodontic treatment changes was such that no alteration in the cephalometric measurements between these stages were incorporated into this pattern; that is, the estimate process of the inclination interception standards, known as stepwise, did not realize any step.
The stepwise linear multiple regression was performed in three steps to express the QAM measurement due to the surgical treatment changes. The it was very well adjusted to the point coordinates on the hyperplane (QAM, ANB, ANP, OB), because the F 0 = 124.2 value was significant (p < 0.05). Table 3 shows the mean measurements and Table  4 shows means according to measurement alteration due to the period.
Discussion
Combined orthognathic surgery and orthodontic treatment have been considered very satisfactory for improving the function and facial esthetics of individuals with dentoskeletal deformities. 5, 6, 11, 12 This study shows that the esthetic improvement was due mostly to the post surgical changes of the SNB, BNP and PGNP, all of which characterize mandibular advancement. For Class II anomalies with mandibular deficiency, individuals treated with the combined approach have shown more pronounced changes than those treated with orthodontic camouflage. Moreover, according to previous studies, results of the combined orthosurgical technique were more stable 13 and the TMJ dysfunction rate was lower. 6 Orthodontic camouflage can cause excessive inclination of the mandibular incisors, followed by periodontal injury in the long term.
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The mean initial measurements of the study group confirmed skeletal Class II, with ANB 8.1° (± 1.7) and AOBO 7.6 mm (± 4.3); good maxillacranial base relationship 83.7° (± 3.4) and retrognathic mandible 75.6° (± 3.3). Individuals with mandibular deficiency with Class II dental relationship showed decreased SNB, increased ANB and positive AOBO. 9 Measurements after the surgical-orthodontic treatment confirmed better maxilla-mandible relationship related to a reduction in the ANB of 4.9° (± 2.4) and AOBO of 1.3 mm (± 2.7), which are values similar to those found in skeletal Class I. The SNA value remained practically the same, 83.5° (± 3.4), and the SNB increased to 78.6° (± 3.5), which indicated anterior displacement of the mandible (Table 3) .
The overall changes showed that the variation of the mandibular plane inclination (SNPM) greatly influenced the degree of mandibular advancement: the higher the opening of the mandibular plane, the smaller mandibular advancement observed at the end of treatment. This influence, however, accounted for only 26.9% of the overall variation, with a moderate correlation between the mandibular advancement and the SNPM. All the other measurements showed no significant changes and were discarded. The changes that occurred after orthodontic treatment showed no significant influence on the magnitude of the mandibular advancement ( Table 2) . Post surgical changes showed that the mandibular advancement was significantly influenced by the altered maxillary-mandibular relationship, confirmed by ANB. The larger the initial ANB, the greater was the mandibular advancement after surgery. The maxilla position (ANP) and the overbite also influenced the magnitude of advancement, since the larger was the maxillary retrusion and the smaller the overbite, the shorter was the advancement observed ( Table 2) .
The overall changes in Table 4 showed that the only dental measurement subject to significant alteration at this stage was the overjet (OJ). In terms of skeletal variables, the measurements of SNB, ANB, AOBO, BNP and PGNP were significant.
The wide variation in inclination (high standard deviation) found for the changes in the mandibular and maxillary incisors with the orthodontic treatment evidence the efforts to decompensate preexisting dentoalveolar inclination in this first phase of the whole treatment. The mean variation of the mandibular incisor was 1.2° buccally, but the variation of ± 9.7, obtained by inclination movements of 10.9° buccally and of 8.5° lingually (in 67% of the sample) regions, shows an attempt to obtain proper inclination for the surgical mandibular advancement. According to the ISSN measurements, the maxillary incisors had mean variation values of 1.2° (± 11.4), which indicated inclinations of up to 10.1° buccally and ± 12.7 lingually in 67% of the cases.
Such findings correspond to previous studies 6, 7 which consider the maxillary and mandibular incisor inclinations in relation to their cranial bases to be of great importance for the diagnosis and treatment plan of individuals with dentoskeletal deformities, along with the facial and occlusal analysis.
Also in agreement with findings that suggested that the goal of the standard presurgical orthodontic procedures should be the alignment and leveling of the maxillary and mandibular teeth and correction of the vertical and sagittal positions of the incisors, in attempt to reestablish their proper angulation and inclination. 14 Such procedures should free the surgical movement of dental interferences, so that the cranial bases can be placed in a proper Class I relationship.
After surgery, the SNB, ANB, AOBO, BNP, PGNP, SNPM and OJ measurements underwent significant changes, which influenced the magnitude of mandibular advancement (Tables 2 and 4 ). Significant reductions of 2.9° (± 1.4) for the ANB, and 5.2° (± 2.1) for the overjet were observed. The ANP and the overbite did not present significant changes, with reductions of only 0.2° (± 1.1) and 1.3° (± 2.4), respectively. Authors reported 5 mm forward and downward movements of the B point, and a reduction of 3° for ANB after mandibular advancement surgery with associated mentoplasty. 15 According to their study, the higher were the initial values for the ANB, the greater was its influence on the improvement in profile esthetics of the surgery.
The data showed that the SNA, ISNA, IS-NA, IINB, II-NB, OB, ANP, ISSN, IIPM, SNPP and SNPM (Table 3) had constant mean values and did not change significantly throughout stages t 1 to t 3 ; during this period the measurement values significantly increased for the SNB, BNP and PGNP, and decreased for the AOBO, ANB and OJ.
The maxillary incisor dental relationship (ISNA), which was initially 16.2° (± 10.5), changed to 14.9° (± 6.4), an alteration of 1.3°. The maxillary incisor inclination in relation to the cranial base (ISSN) changed from 99.99° (± 11.1), initially, to 98.6° (± 6.1). The maxillary incisor protrusion (IS-NA) also showed alteration of 1.3 mm moving from 2.8 mm (± 3.4) at t 1 , to 1.5 mm (± 2.6) at t 3 ( Table  3) .
The mandibular incisor protrusion (II-NB) shifted from 4.9 mm (± 2.7) to 5.2 mm (± 2). The mandibular incisor inclination values (IINB) rose from 24.5° (± 9.5) to 26° (± 5.1). However, with values initially of 90.1°(± 9.8), and finally of 89.3° (± 5.3), the IIPM showed no variation. Since the mandibular advancement affects the NB plane inclination, the IINB measurement could also have been affected. Therefore, through the analysis of the IIPM measurement, which better expresses the mandibular incisor inclination, no alteration was observed (Table 3) .
There was a decrease from 9 mm (± 3.6) to 3.3 mm (± 0.6) in the OJ, and from 3.7 mm (± 4.0) to 2.2 mm (± 1.4) in the OB. In a 5-year-follow-up study it was reported that surgically treated individuals had twice as much overjet than those treated nonsurgically; while their overbite findings were similar for both groups. 16 On the other hand, they observed a large reduction in overjet and improvement in the soft tissue, skeletal and dental patterns.
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The measurements for the ANP showed small alteration between the initial and final stages of the treatment, t 1 = 0.7 mm (± 3.4) and t 3 = 0.5 mm (± 3.5), which indicated the stability of the maxilla and emphasized that the overall changes were exclusively due to the position of the mandible. The position of the mandible in relation to the N -perpendicular to the Frankfurt plane (BNP) -in the initial stage of the treatment was -12.7 mm (± 5.9), which indicated evident retraction of the mandible at this stage. Values of -7.7 mm (± 6.2) showed mandible protrusion of 5 mm after treatment. The PGNP measurements followed those of the BNP, since both points are located in the anterior portion of the mandible and use the same measurement reference plane. The PGNP varied from -12.7 mm (± 7) to -6.6 mm (± 7.4), a mandibular advancement of 6.1 mm (Table 3). Following mandibular surgery, alterations of 7 mm for the B point and of 8.5 mm for the PG 17 were reported. Others found a mean advancement of 5.4 mm, with less than 5% of recurrence. 2 The maxilla inclination in relation to the palatine plane (SNPP) showed small alteration, from 7.8° (± 2.7) to 7.6° (± 2.8). After the advancement, the SNPM values moved from 38.7° (± 4.9) to 38.2° (± 6.1). These results suggested that the orthodontic mechanics and the surgical procedures did not affect the maxilla. However, the SNPM change was significant, which suggested the occurrence of mandibular rotation after the advancement (Table 3) .
The significant changes in the inclinations of the incisors showed that the dental decompensation due to the orthodontic procedures was found to be variable in our sample. Dental compensations can be detected in three planes: sagittal, vertical and transversal. Teleradiography, on the other hand, can only afford sagittal and vertical evaluation of the anterior teeth. Therefore, it is important to emphasize that the functional and esthetic improvements found in our sample may have been influenced by the transversal decompensation and/or sagittal and vertical alterations that occurred in the posterior portion of the dental arches, since it is known that elimination of the dental compensations facilitates correction of the skeletal deformity. 2 
Conclusions
The dental and skeletal changes due to pre-surgical orthodontic treatment were variable; surgical treatment caused significant skeletal changes, especially in the SNB, BNP, PGNP and SNPM measurements (directly related to the mandible), as well as in those indirectly related to it (ANB, AOBO and OJ); dental inclinations were variable and did not affect the magnitude of the mandibular advancement; and SNPM, ANB, ANP and OB were the variables which most significantly influenced the magnitude of the mandibular advancement.
